Abstract -The objective of this work was to evaluate the physical properties of a soil with a 'Tanzânia' grass (Megathyrsus maximus) pasture fertilized with mineral nitrogen or intercropped with the legume 'Campo Grande' (Stylosanthes spp.), and subjected to continuous grazing and variable stocking rate, in a three-year chronosequence. The treatments were: 'Tanzânia' grass and Stylosanthes; and 'Tanzânia' grass fertilized with 75, 150, and 225 kg ha -1 N per year. The experiment was carried out in an Oxisol, in a randomized complete block design with three replicates, in split plots divided according to time (first, second, and third experimental years). The following soil properties were assessed annually: soil bulk density, porosity in the soil macropore domain, soil water and air storage capacity, and soil penetration resistance. After three years, the highest animal stocking rate due to increased forage yield did not affect the soil physical conditions. The intercrop of 'Tanzânia' grass with the legume shows values of soil water and air storage capacity close to the ideal ones (0.66 and 0.34, respectively). After the second experimental year, there is a decrease in the penetration resistance values, which are inferior to the critical limit of 2,500 kPa. The intercropping of 'Tanzânia' grass with stylosanthes 'Campo Grande' can be a remarkable alternative for the maintenance and improvement of soil physical conditions.
Introduction
Pastures cultivated with the cultivar 'Tanzânia-1' of Guinea grass (Megathyrsus maximus (Jacq. B.K. Simon & Jacobs) (syn. Panicum maximum Jacq.) have been showing outstanding agronomic and nutritional traits to be incorporated into beef cattle systems when grazing systems are satisfactorily managed and fertilized Pinheiro et al., 2015) . The fertilization of grass pastures, especially with nitrogen incorporation, plays an essential role for the productive system, since, when there is no restriction of other nutrients, N is the greatest contributor to productivity enhancement (Euclides et al., 2007) . However, the intercrop of grasses with legume species is considered an environmentally friendly alternative for N incorporation into the production system (Silva & Saliba, 2007; Fidalski et al., 2008) . Besides, this strategy reduces the production costs with soil fertilization containing this nutrient . Likewise, the intercrop of grasses and legumes can influence favorably the soil physical conditions due to crop synergy and the distinct attributes of growth and radicular system displayed by these species (Franchini et al., 2016) .
The incorporation into the soil of the N mineral form or the plant intercropping is considered beneficial to pastures, and promote superior productivity to them. However, the forage production increase could lead to the adoption of an excessive animal stocking rate, which would negatively influence the soil physical conditions (Ferreira et al., 2010) , besides negatively affecting the soil physical properties, mainly in the superficial layer, compromising the root growth (Beloni et al., 2016) . This outcome is directly associated with the increase of soil penetration resistance (PR) (Sarmento et al., 2008; Beloni et al., 2016) , soil bulk density (BD) (Veiga et al., 2014) , and alterations of the soil porous system (Sarmento et al., 2008) , and affects the soil water and air storage capacity under pasture. An inadequate management of grazing animals impacts on soil physical properties and may also result in the reduction of the vegetal cover (Sarmento et al., 2008) , consequently decreasing the nutrient use by forage due to limited root growth.
Therefore, to provide a subsidy to the implementation of sustainable grazing systems, the following hypotheses were tested: the increase of animal stocking rate resulting from the increase of soil mineral fertilization with N has negative effects on soil physical condition; and the intercropping of grasses and legumes is an efficient alternative to promote improvements of the soil physical conditions. The objective of this work was to evaluate the physical properties of a soil cultivated with 'Tanzânia' grass fertilized with mineral N or intercropped with the legume 'Campo Grande' (Stylosanthes spp.), subjected to continuous grazing and variable stocking rate in a three-year chronosequence.
Materials and Methods
The experiment was carried out in the municipality of Santo Inácio (23°25'S, 51°57'W, at 410 m altitude), in the state of Paraná, Brazil. According to the Köppen-Geiger's classification, the dominant climate is Cfa (humid subtropical mesothermic). Climate data referring to the period between November 2008 and July 2011 are presented in Figure 1 . The soil was identified as a Latossolo Vermelho distrófico, according to the Brazilian soil classification system (Santos et al., 2013) . At the beginning of the experiment, the 0. The pasture was managed using a continuous grazing method, with variable stocking rate, and it was measured weekly to maintain the grazing height between 0.40-0.45 m. Nelore steers with mean initial body weight of 230±5 kg were employed for plant height maintenance and pasture management. Three test animals and regulating cattle were used per picket, which were placed or removed, depending on the pasture height, according to the put-and-take method (Mott & Lucas, 1952 ). An area adjacent to the experimental zone, containing the same grass species, was available for the maintenance of the regulating animals.
Three-soil samplings were taken to evaluate the soil physical properties, at the end of the autumn season of each year: July 2009, in the first experimental year; August 2010, in the second year; and July 2011, in the third year. For each sampling, nine soil samples with undisturbed structure were collected (three from each experimental unity, at the 0.0, 0.0-0.075, and 0.075-0.15 m soil depths), using 100 cm 3 volumetric cores (0.05 m height x 0.05 m diameter), totaling 72 samples per trial. The excess soil was removed from each sample, and soil volume was considered equivalent to the core volume.
These samples were, then, saturated with water by capillarity per 48 hours. After saturation, the sample mass was determined, and the samples were subjected to matric potentials of -1 and -10 kPa, using a tension table similar to that described by Ball & Hunter (1988) . After reaching the equilibrium, indicated by water drainage absence in the tension table, the sample mass was once again determined. Finally, the samples were dried in an oven at ±105°C per 24 hours, and the sample mass was again measured. Porosity in the soil macropore domain, and soil water and air storage capacity were determined according to Reynolds et al. (2002) , while BD was calculated according to Grossman & Reinsch (2002) . The soil physical indices were obtained according to Reynolds et al. (2002) , as follows: porosity in the soil macropore domain (m 3 m -3
), obtained by subtracting the total porosity by the water content at -1 kPa matric potential, in which pores with diameter over 300 μm are drained; soil water storage capacity indicator (dimensionless), calculated by the ratio between soil water content retained at the matric potential equivalent to field capacity (-10 kPa) and total porosity; and soil air storage capacity indicator (dimensionless), calculated by the quotient between the pore drained volume in saturated soil, and field capacity in relation to total porosity.
Soil penetration resistance (PR) measurements were obtained every 0.01 m until 0.40 m soil depth, using a PLG 1020 penetrometer (Falker, Porto Alegre, RS, Brazil). The measurements were performed two days after a sufficient rain occurrence, to moisten the sampled profile, so that the soil water content was assumed to be close to that of the field capacity. Five PR measurements were carried out for each experimental unity, adopting the value of 2,500 kPa as restrictive to root growth, according to Imhoff et al. (2000) . Samples were also collected to determine the soil water content (kg kg -1 ) at 0.0-0.1, 0.1-0.2, 0.2-0.3, and 0.3-0.4 m soil depths; these samples were oven dried at 105°C for 24 hours. Water content was achieved by the ratio between water mass and the mass of soil solids.
Data of the soil physical properties (sample mean per experimental plot) among treatments and years have confirmed the hypothesis of homoscedasticity variances by the Levene test, at 5% probability. Subsequently, data were subjected to the analysis of variance, in a randomized complete block design with split plots in periods of time, and the soil depths were compared separately. Means were compared by the Tukey's test, at 5% probability.
Results and Discussion
Treatments of 'Tanzânia' grass intercropped with stylosanthes 'Campo Grande', or fertilized with different N doses, have shown different forage dry mass between treatments, which, in turn, defined different animal stocking rates in the study period (Table 1) .
The results have shown that BD and porosity in the soil macropore domain were not influenced by the treatments, regardless year and soil depths (Table 2) . These results suggest that the N fertilization increment and the consequent increase of animal stocking rate (Table 1) have presented no impact on the soil physical properties during the experimental period. This fact may be associated with the grazing height maintenance between 0.40-0.45 m, in the different treatments, which has probably contributed to minor animal crossings inside the experimental units, according to Baggio et al. (2009) . These results are in accordance with Fidalski et al. (2008) , who also came across no significant differences in these physical properties, when studying the effects of dissimilar N fertilizing doses (0, 100, and 200 kg ha , which resulted in more elevated pressure applied on soil by animal hooves. In the 0.0-0.075 m soil depth, all treatments showed a BD increase from the first to the second experimental year. However, the treatments that received higher N doses (150 and 225 kg ha -1 ) had a BD decrease in the third year. Therefore, the higher concentration of forage dry mass in these treatments (Table 1) may have protected the soil against animal trampling. Moreover, this elevated concentration provided a great organic matter input and root growth, avoiding soil compaction (Sarmento et al., 2008) . These factors together may have contributed to BD reduction in these treatments.
Lower values of porosity in the soil macropore domain, in the second year, may explain why BD have reached the highest values in this year. Although there is no consensus regarding optimal values of porosity for macrospore domain (Reynolds et al., 2009) , this variable enhancement is desirable, since porosity in the soil macropore domain comprises the pore volume range, which is easily modified by management and is linked to the pores responsible for water infiltration into soil, in tensions close to saturation (Lanzanova et al., 2007) .
In the first year, storage capacity values have shown a higher imbalance of water and air, at 0.0-0.75 and 0.075-0.15 m soil depths, and they are distant from optimal values (Reynolds et al., 2002) , with means adjacent to 0.80 of soil water storage capacity. Therefore, it would be necessary a soil drainage beyond field capacity, for plants to find adequate soil aeration conditions. In the 0.075-0.15 m soil depth, the treatments showed no significant differences in the assessed years (Table 2 ). Moreover, in this layer, these indices showed a similar behavior to the superior layer, denoting the more accentuated imbalances between water/air relations in the first year.
After three experimentation years, at the 0.0-0.75 m soil depth, the treatment in which 'Tanzânia' grass was fertilized with 150 kg ha -1 N exhibited a minor capacity to retain water in the soil (0.51), and a major ability to maintain air in the soil (0.49). These values were distant from the ideal ones -recommended by Reynolds et al. (2002) -of 0.66 and 0.34 for storage capacity of water and air in the soil, respectively. These results indicate that there is a greater probability that the pasture may undergo water stress in treatments with applications of 150 kg ha -1 N than in other treatments. However, soil in the treatment with Stylosanthes spp. showed a soil storage capacity rate of water and air close to the appropriate ones (0.62 and 0.38, respectively), denoting a great soil physical condition for the forage production system. An increase of soil water storage capacity is essential for a sustainable pasture production in sandy soils of the Paraná northwest region.
It was possible to observe that, from the first to the second year, the forage yield doubled regardless of the treatment (Table 1) , which shows an improvement of the soil physical conditions. This is evident by the indices of soil air and water storage capacity associated to the N fertilization management, which has enabled an increase of the animal stocking rate, without compromising the soil physical conditions. In addition, it can be highlighted that the pasture was still settling down in the first year.
In the third year, these values were maintained, promoting a productive and sustainable pastural system, even after three years. Fidalski et al. (2008) and Sarmento et al. (2008) have observed that, in similar soil and climatic conditions, the adequate pasture management has promoted the productive system even after five years of experimentation. In contrast, Franchini et al. (2016) observed, in analogous edaphoclimatic conditions, that yield and forage quality have decreased, even with animal stocking rate adjustment over time. However, the study was carried out in a crop-livestock integration system in which forage was sown after two years of grain production. Despite this fact, the same authors have also observed the benefits on the soil physical properties obtained with pasture cultivation and animal stocking rate adjustment. Therefore, it is noteworthy that pasture productivity and longevity vary depending on the adopted pasture management system and the edaphoclimatic conditions (Imhoff et al., 2000) .
As to the values of soil penetration resistance (PR) and soil water content, the latter showed no difference between treatments in the three assessed years (Figure 2 ). Although the soil surface layer was the most affected by animal trampling impact, it had the lowest-PR values independently of the year, which indicates that the pasture management was efficient for every treatment used, considering that no significant differences were observed between treatments.
As previously mentioned, the vegetal cover maintenance (Table 1) could have minimized the animal trampling effect on the soil upper layer, which has been related to this cover reduction when the pasture is managed under direct grazing (Ferreira et al., 2010) . Sarmento et al. (2008) found a comparable behavior in a study performed with Megathyrsus maximus.
This research results indicate that higher values of PR were found in the first year (Figure 2) , when the 0.2-0.3 m soil depth showed the more elevated values of PR. In this layer, every treatments have shown a PR higher than the critical limit of 2,500 kPa (Imhoff et al., 2000) , mainly the treatment that received 150 kg N ha -1 that outstands for its observed PR (4,293 kPa), which indicates the restrictive physical conditions to forage root growth. Since this soil layer exhibits reduced chances of being altered by animal trampling, the obtained results are attributed to a previous management of the area. In addition, even mechanical operations for the experiment implementation were not sufficient to promote such alterations.
In the second year, even with a minimal variation in soil water content, a considerable decrease of PR values was observed, mainly at 0.2-0.3 m soil depth. This behavior was maintained in the third year. This PR reduction could be resulted from positive effects of the vigorous radicular system of the forage grass on the soil structure (Alencar et al., 2010) . Several authors have reported that the effective root system of 'Tanzânia' grass was superior at 0.3 m soil depth (Cunha et al., 2007 (Cunha et al., , 2010 Alencar et al., 2010) , which acts on the physical improvement of compacted layers from soil subsurface, improving the soil profile after the pasture establishment period. Franchini et al. (2016) conclusions indicate that this grass radicular system could reach depths superior to one meter, effectively contributing to positive alterations on the soil profile.
In general, the increase of animal stocking rate, through the mass increment and accumulation of forage with N fertilization, did not affect negatively the soil physical conditions evaluated by the indicators BD and porosity in the soil macropore domain, which were sensitive to differentiate uniquely the soil sampling years (Table 2) . Beloni et al. (2016) have also verified that the highest-animal stocking rate, provided by N fertilization addition, did not affect the physical conditions of similar soils containing Megathyrsus maximus.
After three experimentation years, soil water and air storage capacity were the most sensitive variables to distinguish treatments and sampling years, indicating a greater imbalance between water/air ratio in the treatment that received 150 kg ha -1 N. Additionally, the intercrop use has proved to be a noticeable alternative for the maintenance of soil physical conditions, in pastures managed with direct grazing containing soil storage capacity values of both water and air close to the ideal ones recommended by Reynolds et al. (2002) . The PR had a reduction of its values in depth from the second experimental year on, indicating an improvement of the soil profile.
Conclusions
1. The higher-animal stocking rate -due to the increased forage yield resulting from nitrogen fertilization -has no negative effects on the soil physical conditions for three years. 2. 'Tanzânia' grass (Megathyrsus maximus) intercropped with stylosanthes 'Campo Grande' (Stylosanthes spp.) can be a remarkable alternative for the maintenance and improvement of the soil physical conditions.
